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(Received  March  ?9,  1958) 

(Translated  by:  Edward  Lachowicx,  Maryland,  Medical-Legal  Poun-  p—" 
dation,  Ino.,  700  Plaat  Street,  Baltiaora,  Maryland,  21202) 

Tha  raaaona  for  conducting  thia  raaaarcb  wara  data  accumulate 
by  ua  whila  studying  tha  question  of  tha  toxlofectious  nature  in 
tna  pathogenesis  of  botuliaa.  Va  determined  that  tha  pur*  toxin  of! 
tha  ausative  aganta  of  botuliaa  ahowad  a  considerably • milder 
affact  <<n  tha  organism  tnan  tha  aaaa  doaa  of  tha  toxin  administered 
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togathar  with  bactaria.  Tha  pur a  toxin,  adainiatarad  antarally, 
disappaarad  relatively  faat  from  tha  dlgeatlv*  tract;  even  larger 
doaaa  of  tha  adainiatarad  toxin  could  not  ba  datactad  aftar  20  to 
27  hours.  Poliowing  a  paroral  adainiatration,  tha  toxin  failed  to 
appear  in  tha  blood  aftar  2  to  3  daya.  In  contract  with  this,  having 
adainiatarad  antarally  a  culture  of  tha  causative  agents  of  botuliaa, 
wa  regularly  datactad  tha  toxin  in  tha  dlgeetive  tract  (  in  the  small 
intestine,  particularly  in  its  lower  aaction  and,  according  to  tha 
sequence  of  elimination,  also  in  tha  stoaach  and  in  the  large  in¬ 
testine)  ,  i.a.  beginning  with  tha  27th,  36th  or  48th  hour  for  2  weeks 
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and ,  loMtiMi,  aven  after  20  to  30  days  following  the  inf  action. 

Va  also  detected  tha  toxin  In  tha  blood  of  thaae  anlaala  for  a  long 
tine  afterward.  Tha  duration  and  tha  severity  of  tha  intoxication 
oould  be  explained  bj  additional  prodrotion  of  tha  toxin  by  apeoifio 
bacteria  preeent  in  tha  organiaa. 

After  axaaination  of  tha  contanta  of  tha  digestive  tract  in 
aniaals  perorally  infected  with  tha  culture  of  causative  agents  of 
botuliaa.  tna  results  proved  that* tha  primary  place  where  tha  pro¬ 
duction  of  tha  toxin  takas  plaos,  is  tha  small  intestine. 

Our  data  accumulated  in  tha  course  of  experiments  substantiats 
tha  reported  findings  relevant  to  the  presence  of  the  toxin  in  the 
blood  and  in  various  organs,  particularly  in  the  intestines  of 
oadavers  of  persons  who  died  of  botuliaa,  often  a  long  time  after 
the  ingestion  of  inf acted  foodstuffs  ( FhlSDUAN  and  LORBJER ,  SRAPTBO 
and  NU012RK0). 

?n«  bibliographical  data  and  own  observations  enabled  us  to 
establish  our  assumption  that  all  cases  of  botulism  in  man,  even 
those  with  a  brief  Incubation  period,  should  be  treated  as  a  toxin- 
faction,  which,  in  its  basicity,  entrains  additional  intoxication 
in  the  organism  by  the  toxin  produced  in  the  digestive  tract.  This 
circumstance  is  important  not  only  from  the  theoretical  standpoint, 
but  much  more  so  on  aocount  of  its  practical  value.  Here,  the  quejtic 
arises  whether  the  neutralisation  ol  the  toxin, produced  in  the  dl» 
geetive  tract,  is  advisable  and  feasible  by  applying  a  speolfio  anti¬ 
toxin  directly  to  the  piece  of  reproduction,  in  order  to  increase 
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the  effectiveness  of  tha  aarua  tharapy  uaad  In  botuliaa. 

In  viaw  of  tha  discussed  conaidaratlona,  we  dacldad  that  our 
objeotive  will  ba  a  atudy  of  tha  effectiveness  of  tna  currently 
uaad  intraauacular  aathod  of  adainlatratlon  of  tha  esrua,  alao  a 
combination  of  tha  intraauacular  and  antaral  administration  of  the 
aarua. 

la  parforaad  7  baaic  szpsriaents  on  57  rabbita,  and  2  additional 
taata  on  60  vhlta  aiea  and  20  guinaa  piga.  In  each  of  tna  basic 
azpariaanta  we  included  three  groups  of  aniaals  with  2,  j  and  4 
rabbita  respectively.  Tha  aniaala  in  tha  flrat  group  ware  control 
aniaals  and  they  ware  not  subjected  to  tha  antlaarua  tharapy;  tha 
aniaala  in  tha  second  group  received  Intraauacular  Injections  of 
tha  aarua;  the  aniaals  in  the  third  group  received  tha  aarua  by 
intramuscular  and  intraduodenal  injections. 

We  developed  in  advance  a  special  operative  method  of  sewing 
the  duodenal  intestine  to  the  incision  in  parietea  of  the  peritoneum. 
Having  aade  an  incision  in  the  peritoneal  wall,  we  aubse^uently 
sutured  the  akin  and  muscles  incompletely  according  to  the  size 
of  the  inclalon;  consequently,  a  small  opening  remained  in  the 
wound,  where  we  stitched  tha  surface  of  the  duodenal  intestine  at 
the  bottom.  Ve  administered  antiserum  diluted  in  20  to  25  cl  of 
physiological  solution  of  table  salt  directly  into  the  duodenum  t 
with  a  hypodermic  syringe  by  puncturing  the  duodenal  wall  with  the 
needle.  Ho  postoperative  complications  wars  encountered,  ex  ept  in 
one  case,  which  wa  shall  discuss  later.  Vs  bellsVed  that  the  endured 
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operation  eould  have  eoms  effect  on  the  condition  of  anlaala  at 
tha  tlao  of  ttaa  t  ox  inf notion* a  reproduction,  ooneequently  *a  per- 
formed  aimaltanaoualj  a  oontrol  operation  on  animala  of  two  group#, 
naaelj  an  lnolalon  through  all  lmyera  of  tha  abdoainal  wall  and 
than  wa  auturad  tha  wound. 

Several  days  after  tha  deacrlbed  oparatlve  preparation,  we 
lnfeoted  tha  animala  perorally  with  a  whole  9-day  culture  of  Cl. 
bofulinua  type  A-98  (tha  cultivation  waa  performed  in  lUKTIB’S  broth 
with  glucoaa  and  llvar  under  anaerobic  conditiona) .  Ve  adalnletered 
tha  culture  in  rarloua  taata  in  doaea  of  1.5  to  2.5  Dim. 

The  experimental  reaulta  were  evaluated  by  tha  phagocytic  index 
method  according  to  tha  manlfeeted  ayaptome  and  tha  wortality  of 
animala,  aa  well  aa  according  tn  the  availability  of  the  toxin  in 
the  blood  and  in  varloua  aectlone  of  the  digeatlve  tract.  P-lor  to 
thia,  while  etudying  tne  pathogenesis  of  botulism,  we  obtained 
data,  which  verified  tha  sensitivity  of  thia  aethod  aa  being  con- 
alderably  greater,  than  that  of  the  claaslo  blologleal  test,  and 
alao  w*  found  soma  relevant  indications  in  the  literature  (KOVTU- 
HOVICH,  MIHEEV IK  et  al.,  SAVIB  ,  ESSIL). 

The  baaie  experimenta  varied  only  by  tha  quantities  and 
frequency  of  tha  adalnletered  toxin. 

The  experimenta  No.1  and  2  were  performed  on  12  rabbits.  They 
became  infected  with  the  1.5  Dim  doae  of  the  culture  administered 
to  each  animal.  Than,  they  received  a  single  injection  ->f  the  serum 
14  nours  after  tha  infection.  During  tha  therapy  by  the  lntra- 
auaoular  method,  wa  administered  tha  serum  in  volumes  of  1.000  BO; 


«•  included  in  th*  combination  method  Y3  of  th*  injection  volume 
by  tb*  intramuscular  application  and  tb*  2/3  volum*  by  th*  intra- 
duodenal  administration.  A*  a  r*ault,  2  out  of  4  control  rabbit* 
dl*d  after  intramuscular  treatment,  on*  of  tb*a  dl*d  7  day*  after 
tb*  Infection:  out  of  4  rabbit* ,  which  received  a  tr*ata*nt  by  th* 
eoablnatlon  a*tbod(  on*  anlaal  died  15  day*  aft*r  th*  Inf action. 

Tb*  r**ult*  of  tb*  latter  experiment,  if  only  th*  survival  tin*  of 
th*  i  abould  b*  judged,  did  not  p«rait  u*  to  draw  any  con¬ 

clusion  a*  to  tb*  greater  *f f*ctlv*n***  of  th*  eoablnatlon  a*tbod 
of  th*  *«rua  adalnistratlon,  than  by  th*  intraauacular  rethod.  A 
comparative  study  of  tb*  dynaalo*  of  lntoxloatlon  in  an  organlaa 
produced  diver**  result*.  V*  establish^  that,  10  hour*  after  intra- 
aueoular  adalnistratlon  of  the  aerua  (24  hour*  after  th*  Infection), 
th*  toxin  vac  detected  in  tb*  blood  of  two  anlaal*  and.  In  the  other 
two  aniaala,  tb*  toxin  wee  not  found  In  the  blood,  l.e.  the  toxin 
wa*  neutralised.  As  a  rule,  beginning  with  48  hours  after  tb*  in¬ 
fection,  w*  detected ,  duriru  7  to  8  day*,  th*  presence  of  th*  toxin 
in  th*  blood  of  all  4  animal*  which  r*c*lv*d  intramuscular  treatment, 
and  w*  also  discovered  tb*  toxin  in  th*  digestive  tract  of  on*  dead 
rabbit.  Thla  could  b*  interpreted  that,  th*  recorded  by  us  existence 
of  tb*  toxin  in  th*  blood,  regardless  of  the  lntrumuscular  adminis¬ 
tration  of  a  larger  serum  doe*  for  one  ra’*tit  ( l  ,C0C  PU),  was  the 
reeult  of  tb*  admittance  of  newly  supplied  quantities  of  the  toxlr. 
to  tb*  blood  stream  from  tb*  digestive  tract.  At  the  same  time, 
following  th*  tr*ata*nt  with  serum  by  th*  combination  method,  tbb 
toxin  disappeared  from  th*  blood  stream  in  all  4  animals.  Moreover, 
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the  toxin  could  not  bo  dotoctod  in  two  other  rabbits;  wo  recorded 
n  brief  appearance  of  the  toxin  in  the  blood  stream  of  one  enianl 
on  the  10th  and  12th  day  after  the  lnfeotion.  And,  in  the  other 
rabbit  of  thla  group,  which  died  on  the  15th  day,  the  toxin  appeared 
la  the  blood  on  the  5th  day,  and  continued  to  reappear  until  death; 
we  alao  detected  the  toxin  in  the  digestive  traot  of  the  ease  ani- 
nal. 

If  we  take  into  account  the  fact  that,  with  the  combination 
treatnent,  the  aninale  received  at  that  tine  onlj  330  BU  of  the 
eerua,  while  with  the  intraauacular  treataent  -  full  1,000  BU,  we 
think  the  obtained  reeulta  proved  that  the  intoxication  of  a  leeeer 
inteneity  exlated  in  aniaala  treated  by  the  combination  method  aa 
a  reeult  of  the  intraduodenal  adainietration  of  the  eerua.  Apparent¬ 
ly,  the  additional  intoxication  of  the  organism  by  the  toxin  ab- 
eorbed  froa  the  digeetlve  tract  waa  either  dlecontlnued ,  or  reduced. 

Yet,  the  circumstance  that  in  thla  experiment  on  two  rabbits 
all  symptoms  of  the  specific  toxlnfeotlon  developed  aubaequently , 
Induced  ue  to  draw  a  conclusion  that  it  la  necessary  to  adminlater 
a  larger  doee  of  eerua  in  order  to  inereaae  ite  therapeutic  effect. 

The  experiment  So. 3  waa  conducted  on  6  rabblte.  Ve  infected 
the  animals  with  2  Bin  of  the  culture.  Two  untreated  control  rabbits 
died  after  36  hours  following  the  infeotion,  and  the  hotel Inal  toxin 
waa  detected  in  their  blood  and  in  the  digestive  tract.  Only  3 
rabblte  were  expoeed  to  the  eerua  treataent,  because  one  rabbit 
died  froa  septlcopyeala,  which  developed  as  a  result  of  the  operation 
Ve  detected  botulinal  toxin  in  the  blood  and  in  the  digestive  tract 
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of  this  rabbit,  and  this  indicated  that  tha  toxinfactloua  procaaa 
had  already  developed .Out  of  3  remaining  rabbits,  two  received 
intramuscularly  2,000  BV  of  the  serum  sacbf2V2  days  after  the  in¬ 
fection.  As  a  result,  a  complete  neutralisation  of  tbs  toxin  took 
plaoe  in  the  blood  of  one  animal,  then, in  the  bloood  of  another 
rabbit,  a  neutralisation  of  the  toxin  wee  noted  over  a  period  of 
8  daye,  and,  subsequently,  the  toxin  reappeared  in  the  blood  of 
the  same  rabbit,  remaining  there  until  death  of  the  animal  on  the 
12th  day.  ffe  also  detected  the  toxin  in  the  digestive  tract  of  the 
dlscuaeed  animal  after  death.  Two  and  a  half  days  after  the  infect¬ 
ion,  we  administered  Intramuscularly  1  ,CG0  BU  of  the  serum  to  one 
rabbit,  which  was  prepared  for  the  combination  method  of  treatment, 
and  we  also  applied  the  same  quantity  of  the  serum  by  duodenal  in¬ 
jection.  The  rabbit  was  In  a  very  grave  condition  at  the  time  of 
the  injection  of  serum,  and  died  in  20  hours  after  the  injection, 
/et,  we  failed  to  detect  the  toxin  in  the  blood  and  in  the  digestive 
tract  of  this  animal;  this  indicated  that  the  neutralization  of  the 
toxin  in  the  intestine  occurred  after  the  administration  of  serum 
(the  toxin  was  deteoted  in  the  digestive  tract  of  untreated  animals) 
This  animal’s  death  oan  be  explained  so  that,  at  tha  time  of  the 
administration  of  serum  (2V2  daye  after  the  infection) ,  the  absorbed 
toxin  has  already  made  an  irreversibly  fatal  effect  on  the  organism. 
This  experiment  is  of  no  valus  from  the  standpoint  of  a  comparative 
study  of  the  effectiveness  of  the  serum  administration  methods.  How¬ 
ever,  a  consideration  should  be  g.».ven  to  the  established  fact  that 
the  toxin  can  be  neutralised  in  the  digestive  tract  after  lntra- 
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duodenal  administration  of  tho  serum. 

la  tho  oouroo  of  the  next  4  OTporiaoata  wo  administered  $00  BO 
of  tho  oorua  to  all  rabbits  intramuscularly  aad  also  10,000  BO  of 
tao  oorua  by  duodoaal  application  to  oaoh  aalaal,  according  to  tho 
combination  method.  Za  tho  lntraauseular  aad  by  tho  oowblnatlon 
aothod  of  troataoat,  wo  adalnlotorod  tho  oorua  two  tiaos:  in  ono 

experiment,  aftor  14  and  36  hours,  and  in  tho  second  ozporlaont, 

1 

after  36  and  48  hoursi  then,  in  tho  remaining  two  instances  wo  ad- 
aini stored  tho  oorua  aftor  24  and  48  houro,ln  each  caso  following 
tho  tiao  of  lnfootlon.  Subsequently,  the  animals  exposed  to  the 
ooablnatlon  troataoat  aothod  reoolved  only  tho  lntrsduodenal  ln- 
Jeotion  aad,  during  this  tiao,  we  adalnlotorod  in  various  expert- 
aonto  froa  3  to  5  additional  intraduodenal  injections,  with  inter¬ 
vals  of  1  or  2  dayo.  In  these  experiments  we  used  infectioue  doeee 
equal  froa  2  to  2.5  Din  of  the  culture. 

Out  of  13  untreated  control  rabblto,  11  died  in  these  experl- 
aeate  la  tho  flrat  2  or  3  days  aftor  tho  Infection,  k  developed 
toxlnfeotlon  waa  proven  after  detection  of  the  toxin  in  the  snail 
intestine.  Out  of  13  rabbits  which  rocelved  tho  lntraauecular  treat 
sent,  8  died.  After  adalnlstration  of  the  serua.the  neutral  ixatio» 
of  tho  toxin  la  tho  blood  fallod  completely  in  j  rar>:  .*.9  and  the- 
died  after  5  to  7  dayo  following  th«  infection.  In  the  reaal&inp 
10  animals ,  wo  observed, the  neutralization  of  the  toxir.  in  the 
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blood  after  lntraauaoular  adalnlstration  of  the  rerun,  an  tr.if 
usually  ooourrod  aftor  tho  oecond  injection.  In  8  out  f  f  t *. -•* 
aalaals,  tho  toxin  iu  tho  blood  reappearod  ooveral  !*•*.  irvi 
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5  rabbits  disd  as  a  rssult  of  ths  dsvslopsd  toxinfection  ( ths  toxin 
was  dstsotsd  in  tbs  intsutlnss) ,  but  3  rabbits  recovered.  Vs  sub¬ 
sequently  obssrrsd#in  two  rabbits  only,  a  coaplsts  nsutralization 
of  tbs  toxin  in  tba  blood  and  ths  abssnos  of  additional  intoxi¬ 
cation.  Thus,  out  of  13  rabbits  whioh  received  ths  intrsauscular 
trsatasnt,  ws  found  only  2  in  which  a  good  thsrapsutic  sffsct  «ae 
manifested,  while  11  aniaala  developed  a  toxinfection.  Ths  addition¬ 
al  intoxication  of  the  organism  in  11  rabbits  was  of  a  transitory 
type  in  3  animals  only}  the  latter,  subsequently,  recoverod,  while 
8  rabbits  died  as  a  result  of  ths  developed  toxinfection.  In  con¬ 
trast  with  the  above  findings,  out  of  13  rabbits  treated  by  the 
combination  method,  none  of  ths  animals  died}  the  rabbite  endured 
their  sickness  batter  and  they  recovered  sooner  than  the  animals 
treated  by  ths  intramuscular  method.  Shortly  after  the  adminis¬ 
tration  of  ths  serum,  and  during  the  entire  course  of  the  experi¬ 
ment,  no  toxin  was  found  in  their  blood.  The  toxin  in  the  blood 
appeared  only  in  one  rabbit;  its  presence  was  recorded  between  6 
and  8  days  after  the  infection,  which  corresponded  in  time  with 
a  previous  2-day  interval  in  the  intraduodenal  administration  of 
the  serum  (5th  and  6th  day). 

Thus,  ou%  of  19  untreated  control  animalB,  15  died;  out  of 
19  animals  which  received  the  intramuscular  treatment,  10  died, 
but  only  2  animals  died  out  of  18,  which  received  a  combination 
aerum  treatment.  During  the  intramuscular  treatment,  the  process 
of  additional  Intoxication  of  the  organism  by  the  toxin  *:u  not 
discontinued  and  the  toxin  was  still  producsd  in  the  is^e.-tive  tract. 
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Th«  intramuscular  administration  of  tha  aarua,  whan  aupplaaantad 
with  tha  intraduodanal  injection,  proved  to  ba  considerably  aora 
effective  usdar  our  experimental  eonditlona  than  tba  intraauaeular 
traataant  alona.  Thua,  it  can  ba  aaauaad  that  tha  aa'rua  adminia- 
tarad  by  tha  duodanal  aathoa  neutralizes  tha  toxin  producad  in  tha 
aaall  intaatlna. 

In  tha  daacrlbad  by  ua  experiments  on  rabbits,  «a  hardly  had 
a  ohanca  to  observe  diractly  In  tha  small  intastlna  the  nautrallzatloi 
of  tha  toxin,  bacauaa,  usually,  all  snloala  survived.  In  additional 
axpariaanta  on  infsoted  white  mica  and  guinea  pigs,  wa  administered 
antitoxic  serum  diluted  with  a  0.5<  solution  of  soda  directly  into 
tha  stomaoh  by  means  of  a  catheter  to  demonstrate  a  possibility  of 
bringing  the  ser<un  to  the  lower  section  of  the  small  intestine  in 
order  to  neutralize  ‘.he  hjtultnal  toxin  that  ioma  there..  After 
*a :  mistratl  in  of  the  den i,  «e  failed  to  detect  tha  toxir.  in  the 
anal1  intestine  of  these  animals;  meanwhile,  we  usually  detected 
the  toxin  in  the  small  intestine  of  untreated  control  animals. 

Wa  obtained  data  relevant  to  tha  destination  of  the  enteral ly 
administered  serum  and  they  indicated  that:  after  the  antitoxic 
aerum  had  been  admitted  to  the  contents  of  the  small  intestine  in 
animals  infected  with  the  botulinal  toxin,  it  disappeared  oonsiier- 
ably  alower  than  when  administered  to  healthy  animals.  Apparently, 
thia  circumstance  can  be  explained  by  a  decreased  activity  of  the 
digestive  enzyme#  in  animals  poisoned  with  the  toxin. 

Aa  a  result  of  the  research  w.nich  involved  the  nature  and  dy¬ 
namics  of  the  developed  intoxication,  and  also  pertinently  to  the 
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place  where  the  basic  production  of  new  quantities  of  the  toxin 
takee  place  in  the  organism,  we  established  experimentally  the 
combination  method  (intramuscular  -  sntsral) ,  which  con  be  used 

» 

in  the  treatment  of  botulism  with  the  injected  serum.  This  means 
in  a  practical  application  that,  for  the  treatment  of  natural 
botulism  in  man,  one  needs  a  50,000,0^0  B’J  volume  of  the  aeruo 
diluted  with  boiled  water  to  300  or  400  ml,  which  should  be  ad¬ 
ministered  by  means  of  duodenal  catheter.  We  can  alao  recommend 
the  administration  of  serum  directly  into  the  rectum  by  the 
dsep-clyama  method. 

The  priority  in  suggesting  the  enteral  method  of  adminis- 
tration  of  serum  in  cases  of  botulism  belongs  to  3  ,v. .  KTNERVIN, 
who,  on  the  basis  of  theoretical  premises,  used  this  method  in 
1948  on  5 
results. 

Tinder  our  observation  was  one  patient  who  suffered  from  botu¬ 
lism  type  BjWhich  run  a  mild  course.  Then,  having  performed  the 
opaonln-phigocytic  test  ou  th*  patient,  we  detected  the  toxin  in 
his  blood  in  spite  of  the  intramuscularly  applied  three  hy pospeclf ic 
injections  of  serum  of  50,000  BU  each.  Finally,  the  toxin  disap¬ 
peared  from  the  blood  after  a  single  duodenal  injection  of  *0,000  BO 
of  the  ,aerum. 

Ww^ oelieve  that,  our  method  of  treatment  of  ootulism  having 
been  experimentally  tested  and  producing  favorable  reunite  in  caeca 
of  botulinal  toxinfection  we  developed  artificially  in  animals,  de¬ 
serves  a  consideration  and  it  should  be  used  m  cases  of  botulism 


patients  stricken  with  botulism  and  obtained  favorable 

r. 


—  n  — 


involving  human  patients. 
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